An N-terminal protein degradation tag enables robust selection of highly active enzymes.
Degradation tags are short peptide sequences that target proteins for destruction by housekeeping proteases. We previously utilized the C-terminal SsrA tag in directed evolution experiments to decrease the intracellular lifetime of a growth-limiting enzyme and thereby facilitate selection of highly active variants. In this study, we examine the N-terminal RepA tag as an alternative degradation signal for laboratory evolution. Although RepA proved to be less effective than SsrA at lowering protein concentrations in the cell, its N-terminal location dramatically reduced the occurrence of truncation and frameshift artifacts in selection experiments. We exploited this improvement to evolve a topologically redesigned chorismate mutase that is intrinsically disordered but already highly active for the conversion of chorismate to prephenate. After three rounds of mutagenesis and high-stringency selection, a robust and more nativelike variant was obtained that exhibited a catalytic efficiency (k(cat)/K(M) = 84000 M(-1) s(-1)) comparable to that of a natural dimeric chorismate mutase. Because of concomitant increases in catalyst yield, the level of intracellular prephenate production increased approximately 30-fold overall over the course of evolution.